Summary To assess the clinical relevance of transforming growth factor-jl (TGF-jl) in hepatocellular carcinoma (HCC), urinary TGF-jl and serum a-fetoprotein (AFP) were determined in 94 patients with cirrhotic HCC, 94 age-and sex-matched patients with cirrhosis alone and 50 healthy adults. TGF-,1l level in HCC was higher than in cirrhosis alone or in healthy controls (each P = 0.0001). There is an inverse correlation between TGF-j1 and AFP levels (r = -0.292, P = 0.004). Significantly higher TGF-p1 level was found in HCC patients with worsening Child-Pugh stages, diffuse HCC, tumour size 2 3 cm, multilobular tumour and AFP < 20 ng ml-'. TGF-j1 level decreased after complete treatment with transcatheter arterial chemoembolization (P = 0.0001). The median survival in HCC patients with raised TGF-j1 was shorter than those with normal TGF-,lB (P = 0.018). Multivariate analysis indicated that TGF-p1 and AFP were significantly correlated with the presence of HCC. In addition, TGF-p1 could be used as a diagnostic marker for HCC, particularly in tumours with low AFP production. In conclusion, elevated urinary TGF-j1 level is a tumour marker and predictor of poor survival for cirrhotic HCC.
polypeptide involved in the regulation of growth and differentiation of both normal and transformed cells (Roberts et al, 1988 ; Roberts and Sporn, 1990; Fausto et al, 1991) . It stimulates the synthesis of extracellular matrix formation, resulting in the formation of fibrosis and tissue repair (Roberts and Sporn, 1990; Bissell and Maher, 1996) . It is supposed to be the mediator of fibrosis in liver cirrhosis (Bissell and Maher, 1996) . Previous study indicates the expression of TGF-,11 messenger RNA in perisinusoidal and mesenchymal cells in cirrhotic nodules and fibrous septa (Bedossa et al, 1995) . TGF-j1 inhibits the growth of most epithelial cells, including hepatocytes (Roberts et al, 1988; Roberts and Sporn, 1990) . Overexpression of the TGF-,B1 gene has been reported in transformed or malignant-derived cells and human malignancies (Ito et al, 1990 (Ito et al, , 1991 Roberts and Sporn, 1990; Shirai et al, 1992 Shirai et al, , 1994 Bedossa et al, 1995) . Recently, elevated levels of TGF-3 mRNA and its polypeptide in tissue and plasma of human hepatocellular carcinoma (HCC) have been reported (Ito et al, 1990 (Ito et al, , 1991 Shirai et al, 1992 Shirai et al, , 1994 . The plasma TGF-j1 level decreased significantly after successful treatment (Shirai et al, 1992 (Shirai et al, , 1994 . These data imply that HCC may produce TGF-j31.
Transforming growth factors have been described in the urine of healthy adults and patients (Sherwin et al, 1983; Nishimura et al, 1986; Ranganathan et al, 1987; Yeh et al, 1987; Chuang et al, 1991 Chuang et al, , 1994 Coupes et al, 1994) . Transforming growth factor alpha can serve as a tumour marker and as a marker for malignant potential (Yeh et al, 1987; Lee et al, 1992; Chuang et al, 1994) . However, the clinical significance of TGF-ji1 in the urine of patients with HCC has never been elucidated. In this study, we determined TGF-j1 by radioimmunoassay in urine of patients with cirrhotic HCC and correlated TGF-j1 levels with clinicopathological features.
PATIENTS AND METHODS

Study population
The study population comprised 94 non-alcoholic consecutive cirrhotic HCC patients and 94 sex-matched and age-matched (± 5 years) patients with cirrhosis alone. Cirrhosis was diagnosed by liver biopsy, abdominal sonography (portal systemic shunts, splenomegaly, spotty coarse parenchyma, nodular surface and dull or round edge), biochemical evidence of parenchymal damage plus endoscopic oesophageal or gastric varices (Tsai et al, 1993 (Tsai et al, , 1994a . Patients were classified into the three Child-Pugh's grades based on their clinical status (Pugh et al, 1973) . HCC was diagnosed by liver biopsy or aspiration cytology. There is no previous history of specific treatment (such as interferon or anticancer therapy) in patients with cirrhosis alone or patients with HCC. Urinary samples collected before treatment were used for determination of TGF-j1. Clinical staging of HCC was according to those of the American Joint Committee on Cancer (1992). Table   1 shows the clinical characteristics of the patients. Another 50 community healthy adults, negative for hepatitis B surface antigen (HBsAg) and antibodies to hepatitis C virus (anti-HCV), were enrolled as healthy controls. Thirty-nine of them were men and the other 11 were women. Their ages ranged from 28 to 67 (median 55) years. There were no significant differences in median age and Clinical relevance of TGF-P 1 in HCC 245 sexual distribution among these three groups. There was no spaceoccupying lesion in patients with cirrhosis alone and healthy controls as evidenced by normal abdominal sonography. All healthy controls have normal serum transaminase and creatinine levels. All the patients and controls were enrolled during the same period and all gave informed consent to participate in the study, which was approved by the Investigation and Ethics Committee of the hospital.
Urine collection and preparation
The extraction of TGF-P1 from urine was modified from methods described previously (Sherwin et al, 1983 Transcatheter arterial chemoembolization (TACE) TACE was performed according to the procedure described previously . A complete TACE was defined as: (1) all feeding arteries including collateral vessels were completely embolized angiographically; (2) serum AFP level decreased after TACE by more than 75% compared with the pre-TACE level; and (3) > 50% reduction in tumour size as evaluated by image study (sonography or computerized tomography) 1 month after TACE .
Follow-up
The starting time of survival analysis was the day of diagnosis of HCC. All prognostic variables were measured on that day. The survival and the date of death were determined in December 1994 by review of clinical records, telephone or by consultation of population registries.
Statistical analysis
Survival was expressed as median ± standard error, whereas other continuous data were expressed as median with ranges in parentheses. one-way analysis of variance when appropriate. The Spearman rank correlation was used to calculate the relationship between continuous variables. The difference between paired continuous data was compared with the Wilcoxon signed-rank test. Chi-square test with Yates' correction was used to compare differences between proportions. Stepwise logistic regression was used for multivariate analysis. Odds ratio (OR) with 95% confidence interval (95% CI) was used to estimate causal relations between risk factors and exposure. The cumulative survival rate was determined using the product-limited (Kaplan-Meier) estimate (Kaplan and Meier, 1958) , and a comparison of survival curves was made using the log-rank test. For evaluating the diagnostic performance of AFP and TGF-p31, we calculated the sensitivity, specificity, positive and negative predictive value, positive and negative likelihood ratio and diagnostic accuracy according to previous methods (Sox et al, 1989) .
The recommended diagnostic cut-off value of AFP was 400 ng ml' (Sherlock and Dooley, 1993; Colombo, 1995) . For TGF-01, we used the receiver operating characteristic (ROC) curve to select the optimal cut-off value (Swets, 1988) . The ROC curve was constructed by calculating the sensitivity and specificity of the TGFf1 assay at several cut-off points. The cut-off value with the highest accuracy was selected as the diagnostic cut-off point. If more than one cut-off value showed the same accuracy, the cut-off value with nearly equal sensitivity and specificity was chosen. There is an inverse correlation between TGF-,B1 and logAFP (r = -0.292, P = 0.004).
The upper limit of normal AFP level was defined as 20 ng ml-1 (Sherlock and Dooley, 1993) , whereas the recommended diagnostic cut-off value for HCC was 400 ng ml-1 (Colombo, 1995) .
Serum AFP level less than 20 ng ml-' was noted in all healthy controls, 81 (86.1%) patients with cirrhosis alone and 33 (35.1%) patients with HCC. There were 45 (47.8%) HCC patients with AFP levels greater than 400 ng ml ( Table 1) . As shown in Table  1 , the median level of serum AFP in patients with HCC was higher than that in cirrhotic patients alone (P = 0.0001) or in healthy controls (median 4, range 3-10 ng ml-'; P = 0.0001).
Association between levels of TGF-f1 and AFP and presence of HCC Multivariate analysis was used to adjust for the possible confounding effects of sex, age and impaired liver function tests on the levels of urinary TGF-31 and serum AFP in patients with HCC. Both TGF-5l (OR 1.08, 95% CI 1.04-1.12, P = 0.001) and AFP (OR 1.06, 95% CI 1.02-1.10, P = 0.001) were found to be associated, in a dose-related fashion, with an increased risk for the presence of HCC (Table 2) .
TGF-p1 and AFP as tumour markers for HCC The selected optimal cut-off value using the ROC curve was 50 jig g-' creatinine for TGF-p1. TGF-P1 levels greater than selected cut-off points were found in 53.1% (50 of 94) of patients with HCC, 1.1% (1 of 94) of patients with cirrhosis alone and none of the healthy controls. This cut-off value gave a specificity of 98.9% at sensitivity of 53.1%. (Colombo, 1995 Urinary TGF-01 level before and after complete TACE To assess the effect of therapy on the TGF-P1 level, we randomly chose 10 HCC patients with raised TGF-PI levels for comparison.
All these patients were defined as having complete TACE after therapy. As shown in Figure 2 , the median urinary TGF-,B1 level after TACE (45.5 ,ug g-' creatinine) was significantly lower than that (100.5 ,ug g-I creatinine) before TACE (P = 0.0001; Wilcoxon signed-rank test). In another 10 patients without complete TACE, there was no significant difference in the TGF-B1 level before and after TACE (data not shown). Regardless of whether the TACE treatment was effective, TGF-B 1 level increased as tumours recurred or increased in size during follow-up (data not shown).
Urinary TGF-f1 level in relation to HCC survival As shown in Figure 3 , the median survival (169 ± 21, 95% CI 128-210 days) in 36 patients with normal TGF-P1 levels was significantly longer than that (86 ± 23, 95% CI 40-132 days) in 58 patients with elevated TGF-131 levels (P = 0.018, Kaplan-Meier method with log-rank test).
Clinical relevance of urinary TGF-f1 level in patients with HCC As shown in Table 3 , the TGF-1 levels in patients with Child-Pugh C were higher than those in Child- Pugh B or Child-Pugh A (each P = 0.0001). Significantly elevated TGF-PI levels were found in patients with an area of tumour involvement of more than one lobe (P = 0.004). TGF-pI levels in patients with normal AFP levels (< 20 ng ml') were higher than those in patients with higher AFP levels (P = 0.024; Table 3 ). Compared with patients with non-diffuse HCC, patients with diffuse HCC had higher urinary TGF-P1 levels (P = 0.001; Table 4 ). Among non-diffuse HCC, TGF-Pl levels in patients with tumour size < 3 cm were lower than those with larger tumour size (P < 0.02; Table 4 ). There was a positive correlation between TGF-,I level and clinical stage of patients with HCC (r = 0.178, P < 0.05). As shown in Table 3 , TGF-131 levels in HCC patients with stage IVA were higher than in patients with stage I (P = 0.01) or in patients with stage II (P = 0.02). There was no statistical difference in TGF-,B1 level with regard to sex, age, status of HBsAg and anti-HCV, extrahepatic metastasis or portal vein thrombosis (Table 3) .
DISCUSSION
Urinary TGF-1 in man may reflect normal excretion of the polypeptide by the urinary tract. It could also reflect the production of TGF-PI elsewhere in the body and being filtered by the glomeruli or being produced lower in the urinary tract. Although we did not determine plasma TGF-,B1 level, there was no relationship between plasma TGF-4 level and renal function (Coupes et al, 1994) . In this study, we still use urinary creatinine to normalize the TGF-13I concentration. It is worth noting that the larger the tumour size, the higher the urinary TGF-,B1 level (Table 4) . Moreover, the significantly lower urinary TGF-i1 level after complete TACE therapy (Figure 2 ) suggested that TGF-PI level might be related to tumour mass. Decreased plasma TGF-P1 level after successful anti-cancer treatment has also been reported previously (Shirai et al, 1992 (Shirai et al, , 1994 ). These observations indicated that both urinary and plasma TGF-,B1 levels might reflect liver tissue TGF-,B1.
Liver is the major site of clearance and metabolism of biologically active TGF-Il (Roberts and Sporn, 1990; Fausto et al, 1991 ). Raised TGF-11 level may be caused by increased production and/or decreased clearance. An increased TGF-P1 production has been reported after hepatectomy and in some liver disease (Ito et al, 1990 (Ito et al, , 1991 Roberts and Spom, 1990; Shirai et al, 1992 Shirai et al, , 1994 Bedossa et al, 1995) . In this study, the raised TGF-P1 levels in patients with cirrhosis alone might be caused by impaired liver function (Figure 1 ). Elevated urinary TGF-1I levels in patients with cirrhotic HCC might be due to decreased clearance and/or increased production. The association between raised TGF-31 level and worse Child-Pugh grades in patients with cirrhotic HCC (Table 3 ) and patients with cirrhosis alone (data not shown) suggested the contribution of impaired liver function. After adjusting for the possible confounding effects caused by impaired liver function, our results indicate that urinary TGF-,B1 level is significantly associated, in a dose-related fashion, with the presence of HCC (Table 2 ). In addition, larger tumours were frequently associated with higher TGF-01 levels (Table 4 ). The significantly decreased TGF-l1 levels after complete TACE treatment in patients with HCC ( Figure 2 ) also implies that TGF-4I might be related to tumour mass and that raised TGF-j1 levels in HCC were caused by increased production. On the other hand, the inverse relationship between raised urinary TGF-,B1 level and survival (Figure 3) suggests that TGF-1 might be a predictor of poor prognosis of HCC.
British Journal of Cancer (1997) How TGF-j is involved in the growth control of HCC remains unclear. Given the inhibitory effects of TGF-4 in the normal and neoplastic hepatocytes, it is logical to expect that absence of the factor or a loss of sensitivity to TGF-P could contribute to cell transformation . However, the discrepancy between the increase in TGF-f level in HCC and the highly proliferating cell rate in HCC suggests that HCC cells have lost autocrine growth inhibition of TGF-1 during malignant transformation (Roberts et al, 1988; Roberts and Sporn, 1990; Bedossa et al, 1995) . The escape of tumoral hepatocytes from the control of cell mito-inhibition by TGF-pl, despite its overexpression by these cells, might be related to secretion of biologically inactive or latent TGF-3 and to the absence of or lower numbers of TGF-1 receptors on the plasma membrane of malignant hepatocytes (Roberts et al, 1988; Fausto et al, 1991; Bedossa et al, 1995) . Increased secretion of TGF-1 by cancer cells that have lost responsiveness to its growth inhibitory activities is thought to facilitate tumour progression by indirect means, such as suppression of immune surveillance and stimulation of tumour stroma (Roberts et al, 1988; Roberts and Sporn, 1990; Fausto, 1991; Fausto et al, 1991) . Tumour cells might indirectly support their growth by paracrine action of the TGF-4 on the supporting stromal elements. By extracellular matrix formation and angiogenesis, the consequent neovascularization removes the limitations of diffusion through solid tissues (Roberts et al, 1988; Fausto, 1991) . This in turn results both in a rapid increase in tumour size and provision of a route for metastasis throughout the body. Moreover, TGF-3 not only stimulates the synthesis of tumour stromal elements but also creates a selective environment in which 'partly transformed' cells with defective TGF-P response can proliferate and form tumours (Roberts et al, 1988; Fausto, 1991) . In terms of a model for TGF-f action in carcinogenesis, it is known that most tumour cells express TGF-f mRNA and that many secrete TGF-j (Ito et al, 1990 (Ito et al, , 1991 Fausto, 1991; Fausto et al, 1991; Shirai et al, 1992 Shirai et al, , 1994 Bedossa et al, 1995) . Such growth factor secretion might result in stimulation of the growth of the tumour with accompanying stimulation of the development of supporting tumour stromal elements. On the other hand, although we give no indication of cellular source of TGF-f in our patients, the cellular source of TGF-P in patients with cirrhotic HCC has been well studied by Bedossa et al (1995) . Besides in HCC cells, TGF-f mRNA and TGF-, did exist in extracellular matrix along the fibrous septa.
Hence, TGF-3 may actually derive from tumour stroma and thus may be an indicator of tumour desmoplasia or may correlate with tumour necrosis.
HCC appears to be associated with hepatitis B and C viral infection and is common in patients with cirrhosis caused by chronic viral hepatitis (Jeng and Tsai, 1991; Tsai et al, 1994a Tsai et al, -c, 1996 . Cirrhosis is considered to be a premalignant lesion of HCC (Sherlock and Dooley, 1993; Tsai et al, 1994a Tsai et al, -c, 1996 ; thus, it is important to diagnose HCC in cirrhotic patients. Among various serological markers developed for diagnosis of HCC, AFP is one of the most intensively studied tumour markers (Sherlock and Dooley, 1993; Chuang et al, 1994; Colombo, 1995; Tsai et al, 1995) . As shown in this study, an AFP level less than the recommended diagnostic level (400 ng ml-') was noted in 52.1.% (49 of 94) of HCC patients at the time of tumour detection. Furthermore, at least one-third of small HCC and up to 30% of advanced HCC will be missed unless other diagnostic tools are used (Sherlock and Dooley, 1993; Tsai et al, 1994b Tsai et al, , 1995 Colombo, 1995) . In addition, AFP may be elevated in non-malignant liver disease (Sherlock and Dooley, 1993; Colombo, 1995; Tsai et al, 1995) . It is obvious that AFP alone is not a reliable indicator for the detection of HCC in patients with a low AFP value. On the other hand, the main problem regarding the diagnosis of HCC is that of detection of tumour presence in those cirrhotic patients in whom the AFP is raised but diagnostic. Therefore, additional and more sensitive diagnostic tools must be sought.
In this study, we have demonstrated that urinary TGF-P1 might be used as a tumour marker for HCC. After comparing the diagnostic performance of AFP and TGF-.1, either marker showed a good specificity, moderate sensitivity and high positive likelihood ratio. There was no significant difference between their diagnostic accuracies. Moreover, determination of AFP and TGF-3 1 in parallel significantly improved the diagnostic accuracy and sensitivity without decreasing the specificity. Although each test may not have sufficient sensitivity, the simultaneous use of both tests may be highly discriminatory in the detection of HCC. However, parallel detection of both markers increases the number of tests performed, which is likely to have cost implications. Hence, we suggest that assay for urinary TGF-P 1 should be performed to improve the detection of HCC with low AFP production. It is noteworthy that AFP is an oncofetal protein produced by HCC. Although the AFP gene was re-expressed in hepatoma cells, TGF-1 may repress the AFP gene expression in hepatoma cells (Nakao et al, 1991) . Our results also show a reverse relationship between levels of serum AFP and urinary TGF-1. The urinary TGF-I level in HCC patients with normal AFP level was statistically higher than that in patients with raised AFP (Table 3 ). This significant inverse trend still existed even when the higher cut-off value of AFP (100 or 400 ng ml-') was used (data not shown). This observation also favours the use of urinary TGF-1 as a complementary tumour marker for the detection of HCC in AFP-nonproducing tumours.
In conclusion, this study shows that urinary TGF-P I level increases in patients with cirrhotic HCC. Raised urinary TGF-f1 level can be used as a tumour marker for HCC. It is also a predictor of poor survival in HCC.
